INTRODUCTION
Essential oils EOs are the volatile fractions of aromatic and medicinal plants. They are biological active as antioxidants 1 3 and antimicrobials 4 6 . In addition EOs also have other therapeutic properties 7 10 . Phenolic-bearing EOs are a unique class of these aromatic oils due to the presence of considerable amounts of volatile phenolic constituents which are greatly responsible for the antioxidant and antimicrobial properties of these EOs. Examples of these phenolics include thymol, carvacrol and eugenol which are usually the major constituents of thyme, oregano, and clove bud EOs respectively.
Oxidative stress is the imbalance between the production of reactive oxygen species ROS and body antioxidant defense system. ROS include superoxide, hydrogen peroxide, singlet oxygen, and nitrogen free radicals. These radicals are byproducts of normal cellular metabolism in aerobic life, where molecular oxygen is ubiquitous and may be as a result of irradiation. Accumulation of these reactive radicals can inhibit normal functions of cellular lipids, proteins, DNA, and RNA and finally causing many chronic dis-antioxidants that can scavenge or decrease the formation of free radicals and adjust the cellular redox state.
Particular attention from different researchers was focused on clove essential oil CEO, Eugenia caryophyllata as a promising natural oxidative stress suppressing agent. That is due to its superior antioxidant and radical scavenging activity 3, 12 15 . Eugenol 4-allyl-2-methoxyphenol , is the major phenolic component of CEO, and is thought to be responsible for that activities 11 . Beside the antioxidant activity, CEO and eugenol have well established antimicrobial activity against some food pathogen and spoilage bacteria 16 . This included Salmonella typhi 17 , 18 and some fungi like Candida albicans 19 . CEO also has synergistic interaction with antibiotics against Gram negative bacteria 20 .
Listeria monocytogenes
It was previously indicated that formulation of EOs or other non-volatile antimicrobials in nano-particulate carrier systems, as in microemulsions, can improve their antimicrobial activity 21, 22 . On the contrary, microemulsions can Abstract: Clove bud essential oil (CEO) and its major individual phenolic constituent eugenol were formulated as nanoparticles in water-based microemulsion systems. The oil titration method was used to incorporate different amounts of the oil and eugenol in the micellar solution of Tween-20. The Antioxidant and antimicrobial activities were evaluated using the DPPH* free radical scavenging assay and the agar disc dilution method, respectively. Results showed that microemulsion improved the evaluated activities of CEO and eugenol compared with the crude counterparts. Individual eugenol microemulsion was more effective than CEO microemulsion which contained only 61.7% eugenol among its constituents. The results of this study could have potential applications in water-based disinfectants, preservation and flavoring of food and in personal hygiene products. It may also have promising applications in the nutraceutical and functional beverage field.
Key words: microemulsion, clove bud essential oil, eugenol, antioxidant, antimicrobial suppress the antioxidant activity of some EOs that have strong activity in their crude state 23 . In the current investigation, the authors assessed the antimicrobial and antioxidant activities of CEO and its major phenolic constituent eugenol in solvent-free microemulsion as well as in their crude state. The study aimed to reveal potential improvement or retardation of these biological activities due to the incorporation of these volatile phenolics in the surfactant micelles of microemulsions.
EXPERIMENTAL

Materials
The non-ionic surfactant Tween-20 polyoxyethylene sorbitan momolaurate , and pure eugenol 98.0 were obtained from Aldrich Chemical Co. Dried clove bud Eugenia carryophylatta was obtained from the local retailers in Cairo, Egypt.
Extraction of CEO
The dried buds of clove were ground into fine powder using electric grinder. Batches of 200 g of clove powder were mixed with 2 liter distilled water and subjected to hydro-distillation process for 3 h. The condensed vapors were received in separating funnel and the oil was collected from the bottom due to its high density. The oil was dried over anhydrous sodium sulfate and stored in dark glass bottles at -4.0C for further experiments.
Gas chromatographic analysis
Twenty micro liter of CEO was diluted with 1 ml diethyl ether and 2.0 μl of that mixture was injected into Perckin Elmer XL gas chromatograph equipped with a flame ionization detector FID at a split ratio 10:1. A 60 m 0.32 mm id fused silica capillary column coated with DB-Wax was used to separate the different volatile components. The oven temperature was programmed from 50 to 230 at a rate of 3 /min. The injector and detector temperatures were 230 and 250 , respectively. Helium was used as a carrier gas at a flow rate of 1.0 ml/min. Components were identified by comparing their retention times with authentic samples. Values reported were the mean of three analyses.
Preparation of O/W microemulsions
The oil titration method was used for the formulation of CEO-and eugenol-in-water microemulsions. Five percent micellar solution w/w was prepared using Tween-20 and deionized water. Different amounts of CEO and eugenol were titrated separately into different vials containing 10.0 g of that micellar solution each, using calibrated micro-pipette. The volume of titrated phenolic phases ranged between 60.0 μl up to 160.0 μl with an increment of 10.0 μl per sample vial. These volumes are corresponding to 0.6 to 1. 6 v/w of the total microemulsion. The vials were vortexed for 2 minutes then left at ambient temperature 27 2 for 24 hours to equilibrate. Then, each sample was subjected to visual, polarized microscopic and particle size examinations to determine the extent of microemulsion formation as a function of CEO and eugenol concentrations. Only transparent, non-birefringent watery samples with particle size 100 nm were considered as microemulsions. From that assessment, the maximum amount of these phenolics that can form O/W microemulsions was determined and used later for evaluating the antioxidant and antimicrobial activities.
Particle size measurment
The particle size of micoemulsions were measured using the dynamic light scattering Nano-S90 Nanoseries, Malvern Instruments, UK . The measurements are based on the Brownian motion of the hydrated particles, thus it provides information on the hydrodynamic radius of the microemulsion particles. Measurements were conducted at 27.0 with a fixed angle of 90º. Sizes quoted are the z-average mean of the microemulsion hydrodynamic diameter nm obtained from 15 measurements 3 replicate 5 measurements each . Before measurement, the samples were filtered through 0.20 μm single use syringe filter unit Minisart®, Sartoius stedium biotech GmbH Germany to remove impurities.
DPPH free radical scavenging assay
The stable 2,2`-diphenyl-1-picrylhydrazyl free radical DPPH scavenging method which was first introduced by Blois 24 was employed for that assessment. This method was recently adopted by different other investigators 23, 25, 26 . In details, 5.0 μL of each sample microemulsion or crude oil was added to 1 mL pure methanol and 2 mL of freshly prepared 0.13 mM DPPH solution in methanol. 2 for 24 h and stored at 4.0 between transfers. Working culture was prepared from stock cultures through two transfers in broth, then diluting in saline to appropriate target inocula.
Antimicrobial assay
The agar disc diffusion method was employed for the screening of antimicrobial activity of CEO and eugenol in the crude and in the microemulsion forms. Sterile paper discs, 5.0 mm in diameter, were impregnated with 20 μl of each microemulsion then placed in Petri dishes on nutrient agar previously inoculated with 0.1 ml of microbial suspension. The concentrations of CEO and eugenol in each microemulsion were 0.6 , 0.7 , 0.8 and 0.9 v/w . For evaluation of antimicrobial activity of the crude CEO and eugenol, 20.0 μl of each of these phenolics was impregnated separately on the sterile paper discs and proceed as previously mentioned. All samples were incubated at 37 for 24h. Results were interpreted in terms of diameter of the inhibition zone where stand for inhibition zone 6.0 mm 27 . All results are mean SD of triplicates. were also detected as two prominent components constituting CEO. The variation of chemical composition of CEO from one study to another is due to genetic diversity, agricultural practice or environmental conditions.
RESULTS AND DISCUSSION
CEO and eugenol microemulsions
The maximum amounts of CEO and eugenol that can be incorporated in the 5.0 micellar solution of Tween-20 to form water-based microemulsions were 1.1 and 0.9 v/ w , respectively. Beyond these maximum loads, the microemulsions loss their microstructure and collapsed immediately into cloudy coarse dispersions. Thus we conducted the antioxidant and antimicrobial activities of the microemulsions at concentrations not exceeding the common value 0.9 for CEO and eugenol. The composition of microemulsions at this concentration was 94.1 water, 4.95 surfactant and 0.92 CEO or eugenol. The authors considered this composition to be ideal for evaluating the biological activities. That is mainly due to the high water content, relatively low surfactant concentration and the dilutable nature of the microemulsions without losing their microstructure. These criteria are important for application in real aqueous food system where infinite dilution may occur. That chosen composition came in agreement with others 23 who utilized almost the same percentage composition for the evaluation of the antioxidant activity of tea tree EO in microemulsion. Figure 1 showed the particle size distribution of CEO microemulsion, as an example at 0.9 concentration. The particles possessed an average On the other hand, previous study 29 evaluated the antimicrobial activities of microemulsions formulated with 50.0 water, 37.5 surfactant and 12.5 oil phase. We believe that these values are too high for simulating real food system or for performing biological activity tests unless the system is fairly diluted to end up with values closer to our investigation. The oil co-extraction phenomena 30, 31 may justify the relatively larger amounts of CEO 1.1 that can be microemulsified compared with pure eugenol 0.9 . The multicomponent nature of CEO can secure a component s that can adsorb at the interfacial layer together with eugenol and the surfactant. That can lead to additional depression of the interfacial tension and enhancement of microemulsion formation compared with single pure eugenol.
Antioxidant activity
The antioxidant activity of CEO and eugenol microemulsions were studied by measuring their ability to scavenge the stable 2,2-diphenyl-1-picryhydrazyl DPPH free radical. This active radical is scavenged by the donation of a hydrogen atom or an electron of antioxidants to DPPH which transforms into its reduced form, DPPH-H 23, 25, 26 .
DPPH has a maximum UV-Vis absorbance at 516 nm. Decreasing the absorbance of DPPH solution indicates an increase in DPPH radical scavenging in terms of hydrogendonating ability. The solution of the purple-colored DPPH radical changed to yellow-colored DPPH-H after reduction. Activity of antioxidant was expressed in terms of percentage radical scavenging activity RSA as mentioned before. Figure 2 showed that CEO and eugenol miroemulsions had higher antioxidant activity than crude CEO. The antioxidant activity increased by increasing the concentration of phenolics in the microemulsion and reached maximum at 0.9 . In all cases eugenol microemulsion showed higher antioxidant activity than CEO miroemulsion due to the smaller eugenol content 61.7 of the latter. Improvement of antioxidant activity of phenolics in microemulsion is obviously due to the larger surface area of nanoparticles that exposed to the DPPH radical in the microemulsion system.
It was interesting to indicate that our findings came in contradiction with the study of Kim et al. 23 . They found that the antioxidant activity of tea tree EO formulated in microemulsion was less than that of the crude EO. The difference in the locus of the antioxidant-active constituents relative to the surfactant micelle in both studies can justify this contradiction. It is well known that eugenol molecule has a surfactant-like structure, thus it adsorb at the surface of the interfacial film side by side with the surfactant molecules 30, 31 . Thus a mixed surfactant-eugenol monolayer is formed which was also confirmed by 1 H-NMR 32 . Presence of eugenol at that location on the surface of the micelle can make it in intimate contact with the DPPH radical leading to maximum scavenging activity. Concerning tea tree EO, early studies revealed that the antioxidant activity of that oil is due to the presence of α-terpinene, γ-terpinene and α-terpinolene among its constitution 33 . These terpeneic hydrocarbons possess active methylene groups that are capable of donating electrons and quenching free radicals 34 . The hydrophobic nature of these terpene hydrocarbons dictates localization in the inner core of the surfactant micelle where interaction with the hydrophobic tail of the surfactant is more energetically favorable. Thus being encapsulated inside the inner core of the surfactant micelle, as revealed by self-diffusion NMR 23 , may shield their scavenging effect on the DPPH radicals and retard antioxidant activity of the parent tea tree EO. From these results it is clear that the chemical structure of the antioxidant-active component s along with its interaction with the surfactant micelle can influence its antioxidant activity in microemulsion. Table 1 indicated that Gram-positive organisms seemed to be more sensitive than Gram-negative toward the antimicrobial activity of CEO and eugenol microemulsions. This result came in agreement with Blaszyk 35 who reported that phenolic compounds are generally more effective against Gram-positive bacteria. It was also indicated from the table that Pseudomonas aeruginosa was the most resistant organism against both CEO and eugenol microemulsions. However at the highest concentrations of these phenolics 0.9 that microorganism was highly affected. On the other hand, Staphylococcus aureus and Bacillus cereus were the most susceptible organisms for CEO and eugenol microemulsions even at the lowest tested concentration 0. 6 . However, at the same lowest concentration, only eugenol microemulsion was effective against Salmonella Typhi and Listeria monocytogenus.
Antimicrobial activity
It is important to notice that, the large inhibition zones induced by the crude CEO and eugenol relative to their microemulsions Table 1 was not necessarily an indication of higher antimicrobial activity. To understand that one should consider the dose of water-based microemulsions impregnated on each paper disc for that biological assay. That dose was fixed at 20 μl which actually contained 0.12 μl, 0.14 μl, 0.16 μl and 0.18 μl CEO and eugenol corresponding to the tested 0.6 , 0.7 , 0.8 and 9.0 microemulsions, respectively. On the other hand the biological assay of the crude CEO and eugenol was conducted using the same dose of 20.0 μl of these pure and concentrated phenolics. This amount is about 110 to 160 folds higher than the concentrations of these phenolics in each corresponding microemulsion. Though, the inhibition zone of the crude phenolics was only 2-3-folds higher than that in the phenolics microemulsins, at the highest tested concentration 0. 9 . Taking this fact in consideration it became clear that phenolics formulated in microemulsions particularly at the highest concentration 0. 9 were actually more antimicrobial active than their crude counterparts for all the six tested microorganisms.
Gysensky et al. 21, 36 also indicated that formulation of phytophenols in microemulsions improved their antimicrobial activity in model microbiological and food systems. Improvement of antimicrobial activity after formulation in microemulsion could be due to the role of surfactant in increasing the permeability of bacterial cell wall which can make essential oils more effective 37 . It could be also due to the adsorption of the surfactant micelles to the surface of bacterial cell which in turn will increase the local concentration of the essential oil at that point 37 . In another justification, formulation of phenolic components in microemulsion leads to increased solubility in the aqueous phase due to incorporation in the hydrophilic surfactant micelle. That may help in the direct interaction of the antimicrobials with bacterial cell wall of the pathogens which lives and proliferate in the aqueous phase 36 . More over the interaction between antimicrobial microemulsions and bacterial membrane decrease the bacterial cell surface hydrophobicity leading to leakage of cytoplasmic constituents and quick loss of bacterial viability 22 . Other earlier studies 38 indicated that microemulsion result in distortion of the lipid packing in the phospholipids bilayer of the cell membrane and cause the plasma membrane to break apart leading to cell death.
COMCLUSION
The biologically active water-based clove oil and eugenol microemulsions described in the current investigation may have different industrial applications. For instance they can be used as house hold disinfectant for wounds and for prevention of hospitals transmitted infections 39 . They could also be used in food preservation as coating ingredient in the active antimicrobial paper packaging 40 or in the biodegradable coating films 41 . Cosmetic industry may utilize the described water-based microemulsions in mouth rinses for protection against oral bacteria 42 that cause malodor. Food industry can also benefit from the formulated microemulsions as water-based flavoring system for baked products and deserts due to the acceptable spicy taste and aroma of clove EO and eugenol. The antioxidant properties of the described miroemulsion may also suggest potential application in dietary supplement filed as functional palatable beverage for protection against oxidative stress. 
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